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Abstract

Creasing is a physiological disorder in the rind of sweet orange [Citrus sinensis (L.) Osbeck] fruit and causes serious economic
losses. The involvement of ethylene in creasing of sweet orange fruit was investigated by monitoring the comparative changes in
endogenous levels of ethylene in the creased and normal fruit. The effects of exogenous applications of Ethrel® (2-
chloroethylphosphonic acid) and inhibitors of ethylene biosynthesis on endogenous levels of ethylene in the fruit and creasing index
(CI) were also examined. Endogenous levels of ethylene in the normal and the creased fruit of Navelina, Washington Navel, Lane
Late and Valencia Late sweet orange were determined at harvest maturity. The effects of different concentrations of Ethrel® applied
at fruit maturity (165 days after fruit set) on endogenous levels of ethylene in the fruit were determined 30 t0120 days after spray
(DAS) and CI at fruit harvest. The efficacy of different concentrations of ethylene inhibitors such as aminoethoxyvinylglycine
(AVG) or CoSO4 were sprayed at the golf ball stage (fruit diameter 40 £ 5 mm) on CI at harvest was also tested. Endogenous levels
of ethylene were significantly higher in the creased fruit than the normal ones in different cultivars of sweet orange including
Navelina, Washington Navel, Lane Late and Valencia Late. Exogenous spray application of ethrel at the rate of 250 -750 mg L™ on
mature fruit elevated the endogenous levels of ethylene in the fruit 30 t0120 DAS and increased Cl as compared to the control in
Washington Navel and Lane Late. Whilst, the spray application of ethylene inhibitor AVG (20-60 mg L™) or cobalt sulphate
(CoS04) (125-500 mg L) at the golf ball stage was more effective in reducing CI compared to the control in all cultivars during 2011 and
2012. A spray application of AVG (60 mg L™) at the golf ball stage was more effective in reducing CI (16.14 % and 15.93%)
compared to the control (34.18 and 35.25 %) in cv. Washington Navel during 2011 and 2012, respectively. Similarly, the application
of CoS04 (500 mg L™) at the golf ball stage was more effective in reducing Cl (19.32% and 19.32 %) compared to the control (32.11
and 38.46 %) in cv. Navelina during 2011 and Lane Late during 2012, respectively. In conclusion, higher levels of endogenous
ethylene in the creased fruit and promotion of the CI with the exogenous application of ethrel and its reduction with the application of
ethylene inhibitors suggested the involvement of ethylene in the causation of creasing in sweet orange fruit.
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DAFS_ days after fruit set; ACS_1-aminocyclopro- pane-1-carboxylase synthase; ACC_1-aminocyclopropane-1-carboxylic acid;
SAM_S-adenosylmethionine; exo-PG_ exo-polygalacturonase , endo-PG_ endo-polygalacturonase, PE_pectin esterase and
EGase_endo-1,4-B-D-glucanase.

Introduction

Creasing (albedo breakdown) is a physiological disorder in
the rind of sweet orange fruit. The symptoms of creasing
include multiple cracking in the pitted peel because of albedo
decomposition (Li et al., 2009), separation of cells in the
albedo tissue, resulting in channels in the fruit rind (Treeby et
al., 1995). The creasing also creates a weak point in the
flavedo, which cause cracks and fruit is ruptured following
packaging for fresh markets (Gilfillan et al., 1981). Creasing
has been reported in different orange-producing countries of
the world, including Australia (Treeby et al., 1995), USA
(Jones et al., 1976), South Africa (Holtzhausen, 1981), Spain
(Agusti et al., 2003) and China (Li et al., 2009). Although,
the symptoms of creasing are visible at fruit maturity, losses
due to creasing vary among seasons, location, and cultivars,
sometimes exceed more than 50% (Gilfillan et al., 1981).
Creasing has been reported to be associated with genotype
(Agusti et al., 2003), climate (Jones et al., 1967; Gambetta et

al., 2000), rootstock (Treeby et al., 1995), crop load (Jones et
al., 1967), rind thickness (Holtzhausen, 1981), irrigation
(Agusti et al., 2004) and mineral nutrition (Ali et al., 2000;
Bower, 2004). Numerous attempts have been made to control
the physiological disorder, but none appear to have
conclusively identified the physiological changes leading to
this disorder (Bower, 2004). It is well known that boron is a
structural element of the plant cell wall and boron spray in
early summer is effective in reducing creasing in sweet
orange (Pham, 2009). In Australia, calcium spray has been
used to control creasing, but coupled with a limited reduction
in creasing (25 to 30 %) (Treeby et al., 2000; Pham et al.,
2012). Similarly, gibberellic acid has been used to control
creasing in South Africa; however, it does not prevent
creasing but only delays the onset of creasing (Bower, 2000).
Ethylene acts as an inducer for fruit ripening (Bleecker,
2000). Ethylene is a key signal compound involved directly
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in regulation of fruit ripening, senescence and fruit quality
(Manjunatha et al., 2012). Ethylene is very effective at lower
concentrations ranging from a part-per-million (ul 1Y) to part-
per-billion (nl I'Y) in regulating ripening, senescence in many
fruit, vegetables and ornamentals (Saltveit, 1999). Ethylene
accelerates softening in citrus fruit due to disintegrating cell
membranes to make them leakier (Rath and Prentice, 2004;
Ladaniya, 2007). The exogenous application of ethylene
promotes respiration rate, and ripening as well as improves
colour development in citrus (Ladaniya, 2007; Burg, 2004;
Agusti et al., 2002). But the pre-harvest application of ethrel
does not affect fruit quality parameters such as soluble solids
concentration, juice percentage, fruit weight, rind thickness,
acidity and ascorbic acid in the citrus (Al-Mughrabi et al.,
1989). As a prelude, the visible symptoms of creasing on
sweet orange fruit appears mainly after fruit maturation and
coupled with ripening and/over-ripening process, which also
involve cell separation (Monselise et al., 1976; Saleem et al.,
2014). A substantial increase in the incidence of creasing
with delayed harvesting in Washington Navel sweet orange
fruit suggest that the creasing is coupled with the ripening
and/ over-ripening processes (unpublished data). Citrus is
classified as a non-climacteric fruit, but produce only small
amount of ethylene, while ethylene plays an important role in
changing fruit colour, flavour, chemical composition and
texture in citrus fruit (Aharoni, 1968; Ekas, 1970; Ladaniya,
2007). The development of creasing in sweet oranges has
been associated with increased water soluble pectins
consequently leading to earlier senescence of albedo tissue
(Monselise et al., 1976). Recently, Saleem et al. (2014)
claimed that higher activities of pectinesterase (PE), exo-
polygalacturonase (exo-PG), endo- polygalacturonase (endo-
PG), and endo-1, 4-% -D-glucanase (EGase) in the albedo of
creased fruit at commercial harvest seem to be associated
with enhanced loss of pectins and starch in the cell walls of
albedo tissue, leading to cell wall loosening and formation of
cracks which consequently reduce hardness, stiffness and
tensile force of the rind. Earlier, ethylene biosynthesis in the
albedo tissue of ‘Satsuma’ mandarin fruit has been reported
by Hyodo (1977). Some preliminary and sporadic reports
suggested higher levels of endogenous ethylene in the albedo
tissue of creased fruit than the normal ones in Valencia
orange (Monselise et al., 1976). Similarly, Pham (2009)
reported higher levels of endogenous ethylene in the rind of
creased fruit than normal ones in Washington Navel sweet
orange. However, the in vivo role of ethylene involving
exogenous applications of ethylene and its inhibitors on
creasing of sweet orange fruit is yet to be investigated. We
hypothesised that ethylene plays a key role in modulating
creasing in sweet orange fruit. We investigated the
comparative changes in the concentrations of endogenous
ethylene in the creased and normal fruit of four different
cultivars of sweet orange. The effects of exogenous
application of different concentrations of ethrel at fruit
maturation stage, and ethylene inhibitors such as
aminoethoxyvinylglycine (AVG) and cobalt sulphate
(CoS0,) at golf ball stage in regulating the incidence of the
creasing in sweet oranges were also investigated.

Results

Endogenous levels of ethylene in normal and creased fruit
of different cultivars of sweet orange

The creased fruit of Navelina, Washington Navel, Lane Late
and Valencia Late sweet orange exhibited significantly (p <
0.05) higher levels of endogenous ethylene (1.29, 1.18, 1.16,

0.86 L. kg't.hour™) than normal ones (1.06, 0.81, 0.98, 0.51

pL. kg l.hourl) respectively (Fig. 1). When averaged over
cultivars, the creased fruit exhibited significantly higher
mean endogenous level of ethylene (1.12 pL. kgt.hour™)
than the normal ones (0.84 pL. kglhourl). Mean
endogenous level of ethylene differed significantly (p < 0.05)
among different cultivars of sweet orange. The interaction
between type of fruits (creased and normal) and cultivars was
found to be non-significant (p < 0.05) for endogenous levels
of ethylene.

Effects of exogenous application of different concentrations
of ethrel on endogenous level of ethylene in cv. Washington
Navel and Lane Late fruit

All the ethrel treatments applied atl65 days after fruit set
(DAFS) significantly (p < 0.05) increased endogenous level
of ethylene in the fruit at 30 DAS in Washington Navel and
Lane Late sweet orange as compared to control (Table 1).
When averaged over cultivars, the mean endogenous levels of
ethylene 30 DAS in the fruit increased with the increased
concentrations of ethrel applied but the differences among
treatments were not significant. Whilst, 60, 90 and 120 DAS,
all the ethrel treatments have significantly increased mean
endogenous levels of ethylene in the fruit than untreated
control, but the treatments of 750 mg L ethrel resulted in
highest levels of endogenous ethylene as compared to all
other treatments and control. The effect of cultivars and
interaction of cultivar with ethrel treatments were found to be
non-significant (p < 0.05) for endogenous levels of ethylene
in the fruit 60, 90 and 120 DAS.

Effect of exogenous application of different concentrations
of ethrel on creasing index at mature stage in Washington
Navel and Lane Late

All the ethrel treatments significantly (p < 0.05) increased
mean Cl as compared to the control and the creasing was
more pronounced at higher concentration of ethrel applied. A
similar trend of increased mean Cl with exogenously applied
ethrel was recorded in cv. Washington Navel and cv. Lane
Late sweet oranges (Fig. 2). In general, the Cl was higher in
cv. Washington Navel (50.71%) than Lane Late (43.52%) at
higher concentration of ethrel (750 mg. L) applied. The
effect of cultivars and interaction of cultivar with treatments
were found to be significant (p < 0.05) for creasing index.

Effect of exogenous application of aminoethoxyvinylglycine
(AVG) and CoSO, applied at golf ball stage on CI of sweet
orange

All the treatments of AVG applied at a golf ball stage
significantly (p < 0.05) reduced CI in sweet orange cv.
Navelina, Washington Navel and Lane Late in 2011 and 2012
(Fig. 3). When average over cultivars, the spray treatment of
AVG (60 mg L™) resulted in lowest mean CI (18.29 and
18.45 %) than the control (34.08 and 36.86%) and all other
treatments in 2011 and 2012. The interaction between the
treatments and cultivars were found to be non-significant (p <
0.05) for Cl during 2011 and 2012. The CI was significantly
(p <0.05) reduced with the increased concentration of CoSO,
(125 to 500 mg L™) applied at a golf ball stage compared to
the control and all other treatments in 2011 and 2012 (Fig. 4).
The foliar application of CoSO, (500 mg L™) resulted in
significantly lower mean Cl (21.80 and 19.79 %) than the
control (34.08 and 36.86%) during 2011 and 2012,
respectively. When average over treatments, the mean Cl was



Table 1. Effect of different concentrations of ethrel sprayed at mature stage (165 DAFS) on endogenous ethylene in Washington
Navel and cv. Lane Late sweet orange fruit.
Endogenous ethylene (L. kg-1.hour™) 30 DAS

Treatments Washington Navel Lane Late Means (Treatment)
Control 0.59+0.05 b 0.93+0.43 a 0.76+0.24 b
Ethrel 250 mg L* 0.95+ 0.09a 1.18+0.02a 1.06£0.16 a
Ethrel 500 mg L* 1.07+0.01 a 1.16+0.10 a 1.11+0.06 a
Ethrel 750 mg L™ 1.17+0.04 a 1.09+0.04 a 1.13+0.06 a
Means (Cultivars) 0.94+0.26 b 1.09+0.11a
LSD (p < 0.05) Treatments=0.17, Cultivars= 0.12, Treatments x cultivars=ns

Endogenous ethylene (uL. kg™*.hour-1) 60 DAS
Control 0.61+0.11d 0.72+ 0.27cd 0.66+0.08 ¢
Ethrel 250 mg L™ 0.90+0.12 bc 0.97+0.11 ab 0.94+0.05 b
Ethrel 500 mg L™ 0.90+ 0.01 bc 1.01+0.24 ab 0.96+0.08 b
Ethrel 750 mg L 1.16+0.08 a 1.09+0.19 ab 1.13+0.04 a
Means (Cultivars) 0.89+0.23a 0.95+0.16 a
LSD (p < 0.05) Treatments=0.14, Cultivars= ns, Treatments x cultivars=ns

Endogenous ethylene (uL. kg-1.hour™) 90 (DAS)
Control 0.66+0.09 e 0.75+ 0.08 de 0.71+0.06 ¢
Ethrel 250 mg L™ 0.84+0.02 cd 0.80+ 0.11 cde 0.82+0.03 b
Ethrel 500 mg L™ 0.86+0.11 bed 0.95+ 0.13hc 0.90£0.06 b
Ethrel 750 mg L™ 1.01+0.11 ab 1.13+0.15a 1.07+£0.08 a
Means (Cultivars) 0.84+0.14 b 0.91+0.17 a
LSD (p < 0.05) Treatments=0.11, Cultivars= ns, Treatments x cultivars=ns

Endogenous ethylene (uL. kg-1.hour™) 120 (DAS)

Control 0.76+ 0.05 de 0.66+0.11e 0.71£0.07c
Ethrel 250 mg L™ 0.84+0.05 cd 0.81+0.08 cd 0.82+0.02 b
Ethrel 500 mg L™ 0.89+ 0.06 cd 0.94 £0.07 bc 0.91+0.04 b
Ethrel 750 mg L™ 1.05+ 0.09 ab 1.19+0.24 a 1.12+0.10 a
Means (Cultivars) 0.88+0.12 a 0.90£0.23 a
LSD (p < 0.05) Treatments=0.10, Cultivars= ns, Treatments x cultivars=ns

n = 4 replications (2 fruit per replication), any two mean within a column and within a row followed by different letters are significantly differentat p < 0.05 at 30, 60, 90
and 120 DAS. ns = non-significant
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Fig 1. Comparative endogenous level of ethylene in the creased and normal fruit of different cultivars of sweet orange. n = 4
replications (2 fruit per replication). Vertical bars represent standard error means. LSD (p < 0.05), type of fruit = 0.06, cultivars =
0.08, cultivars x type of fruit = ns; ns = not-significant; Fruit types within one cultivar with diffent letters are significantly different at
p<0.0.



lowest in cv. Navelina (24.45 %) compared to cv.
Washington Navel (27.06 %) and Lane Late (32.32 %) during
2011. The interaction between the treatments and the
cultivars were also found to be non-significant (p < 0.05) in
Cl during 2011 and 2012.

Discussion

Higher concentrations of endogenous ethylene in the creased
fruit than the normal ones in different cultivars of sweet
orange including Navelina, Washington Navel, Lane Late and
Valencia Late (Fig. 1) demonstrated that endogenous
ethylene is an important factor in causation of creasing of
sweet orange fruit. Increased ethylene production in the
creased fruit of sweet orange may possibly be ascribed to the
increased activities of 1-aminocyclopro- pane-1-carboxylase
synthase (ACC synthase, ACS) and ACC oxidase in the
albedo and/or flavedo tissues of the rind. The activities of
these enzymes in the albedo and/or flavedo tissues of the rind
in sweet orange are yet to be investigated. Earlier, Hyodo
(1977) reported active ethylene biosynthesis in the albedo
tissue of ‘Satsuma’ mandarin fruit. Increased levels of
endogenous ethylene in creased albedo tissue and fruit rind
has been previously reported in Valencia and Washington
Navel orange by (Monselise et al., 1976; Pham, 2009)
respectively. ACC is an intermediate pathway of ethylene
biosynthesis in the albedo tissues. But 1-aminocyclopropane-
1-carboxylic acid (ACC) formation and ACC conversion to
ethylene are increased by aging and wounding in the albedo
tissue of citrus fruit (Hyodo and Nishino, 1981). All the
treatments of exogenous application of ethrel applied at 165
(DAFS) have significantly (p < 0.05) elevated the levels of
endogenous ethylene in the fruit 30, 60, 90, 120 DAS
compared to the control (Table. 1), consequently promoting
creasing on the fruit in Washington Navel and Lane Late
sweet orange (Fig. 2). Promotion of creasing with exogenous
application of ethrel due to increased ethylene production in
the fruit of both cultivars also suggested the involvement of
ethylene in creasing of sweet orange fruit. Exogenous
application of ethylene biosynthesis inhibitors such as AVG
or CoSO, at the golf ball stage significantly reduced CI in
Navelina, Washington Navel and Lane Late cultivars of
sweet orange during 2011 and 2012 (Fig. 3 and 4), which
further demonstrated that ethylene biosynthesis and/or its
action is involved in creasing. The increased ethylene
production was parallel to the increase in ACC contents, but
the level of S-adenosylmethionine (SAM) was unaffected,
suggesting that the conversion of SAM to ACC is a key
reaction in the production of ethylene (Yu and Yang, 1980).
It is well known that AVG and CoSO4 are inhibitors of
ethylene biosynthesis which are involved in the conversion of
SAM to ACC, eliminating the increase in ACC formation and
ethylene production through the action of the ACC oxidase
enzyme (Yu and Yang, 1980; Even-Chen et al., 1982; Hyodo
and Nishino, 1981; Ladaniya, 2007). A substantial reduction
in creasing of the fruit with the exogenous application of
putrescine applied at the golf ball stage in sweet orange (data
not included) also supports the involvement of ethylene in
creasing. Polyamines are known to inhibit ethylene
biosynthesis by inhibiting ACC synthase enzyme (Liu et al.,
2006; Even and Melberg, 1989). Similarly, the pre-harvest
spray application of putrescine (1-2 mM) significantly
suppressed ethylene biosynthesis and consequently reduced
the activities of fruit softening-related enzymes such as exo-
PG, endo-PG, PE and EGase in the skin and pulp tissues of
plum (Prunus salicina Lindl. cv. Angelino) fruit during cold
storage (Khan et al., 2007). Higher endogenous levels of

ethylene in the creased fruit, acceleration of creasing with
exogenous applications of ethrel, and reduced CI with
ethylene inhibitors indicated the involvement of ethylene in
creasing of sweet orange fruit. Although, sweet orange fruit is
a non-climacteric, and produces only a small amount of
ethylene (<0.1 pL. Kg™t.hour™), which induces changes in
fruit colour, flavour, chemical composition and texture in
citrus fruit (Aharoni, 1968; Ekas, 1970; Ladaniya, 2007).
Ethylene plays a major role in regulating ripening and
softening of fruit (Ayub et al., 1996; Hadfield et al., 2000),
and accordingly, the expression of some ripening-related and
cell wall-associated genes and activities, including those of
PGs (Hiwasa et al., 2003; Sitrit and Bennett, 1998), expansins
(Rose et al., 1997), and EGases (Lashbrook et al., 1994).
Possibly higher levels of ethylene in the fruit may have
induced architectural changes in structures of cell wall
components in the albedo tissue including activities of
various enzymes involved in cell wall degradation. Similarly,
higher activities of PE, exo-PG, endo-PG, and EGase in the
albedo and flavedo tissues of creased fruit than normal ones
have been reported to be associated with greater losses of
pectins and starch in albedo cell walls , consequently leading
to creasing ( Li et al., 2009; Saleem et al., 2014). In
conclusion, higher levels of endogenous ethylene in the
creased fruit than the normal ones in Navelina, Washington
Navel, Lane Late and Valencia Late cultivars of sweet
orange, acceleration of Cl with exogenous application of
ethrel, and its reduction with ethylene biosynthesis inhibitors
indicate the involvement of ethylene in creasing of sweet
orange fruit.

Materials and Methods
Plant materials

Four different experiments were conducted in a commercial
orchard located at Gingin (latitude 31° 21’ South, longitude
155° 55' East), Western Awustralia. Twenty five-year old
uniform sweet orange tree on trifoliate orange (Poncirus
trifoliate Raf.) rootstock, planted at 2.7 x 7.5 m spacing on a
north-south orientation were used in the experiments. These
experiments were conducted on Navelina, Washington Navel,
Lane Late and Valencia cultivars of sweet oranges. The
orchard soil was sandy loam. All cultural practices, other than
the experimental treatments, were similar to those practiced
in commercial orchards (Mould and Tugwell, 1999).

Determination of comparative endogenous levels of
ethylene in the normal and creased fruit of different
cultivars of sweet orange

The experiment was conducted to determine the comparative
endogenous levels of ethylene in the normal and the creased
fruit of Navelina, Washington Navel, Lane Late and Valencia
Late sweet orange. The experimental arrangement was
randomised complete block design with two-factor factorial
(cultivars and type of fruit) with a single tree as an
experimental unit and four replicates. Two-fruit of each
category (normal and creased) per tree were harvested at
harvest maturity and endogenous levels of ethylene were
determined.

Effects of exogenous application of ethrel on endogenous
levels of ethylene and incidence of creasing in Washington
Navel and Lane Late sweet orange

An aqueous solution containing different concentrations (250,
500 and 750 mg L) of Ethrel® [2-chloroethylphosphonic
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acid (Rhone-Poulenc Rural Australia Pty Ltd, Baulkham
Hills, NSW, Australia)] and 0.05% ‘Tween 20’ as a
surfactant was sprayed onto the whole tree till run off at fruit
maturity (01 April, 2012: 165 Days after fruit set) in cv.
Washington Navel and Lane Late using a sprayer (The
Selecta Trolleypak Mk 11, Acacia Ridge, Australia). Control
trees were kept as unsprayed. The experimental lay out was
randomised complete block design with two-factor factorial
(treatments and cultivars). A single tree was considered as an
experimental unit and included four replications. At
commercial harvest, 35 ripe fruit per tree were randomly
harvested around the tree canopy. The endogenous levels of
ethylene in the fruit were determined 30, 60, 90 and 120
DAFS. The creasing indexes in both cultivars were
determined at fruit harvest.

Effect of exogenous application of ethylene inhibitor (AVG)
on the incidence of creasing in different cultivars of sweet
orange in 2011 and 2012

The aim of this experiment was to down regulate the ethylene
production using AVG, which is an inhibitor of ethylene
biosynthesis and consequently shows its inhibition effects on

creasing. An aqueous solution containing different
concentrations (20, 40, 60 mg L) of AVG (as ReTain® from
Valent BioSciences®, Chatswood, NSW, Australia) and
‘Tween 20’ (0.05 %) as a surfactant was sprayed at the golf
ball stage (fruit diameter 40£5 mm) onto the whole trees of
Navelina, Washington Navel, Lane Late sweet oranges in
2011 and Washington Navel, Lane Late in 2012 using a
sprayer (The Selecta Trolleypak Mk Il, Acacia Ridge,
Australia). Untreated trees were served as a control. The
experiment was laid out by following two factors (AVG
treatments and cultivars) factorial randomised block design
with four replicates. Single tree was treated as an
experimental unit. At ripe stage, 35-fruit per tree were
randomly harvested around the tree canopy. The incidence of
creasing was recorded and expressed as a creasing index (Cl,
%).

Effects of exogenous application of ethylene inhibitor
(CoS0,) on the incidence of creasing in different cultivars
of sweet orange

In this experiment, an aqueous solution containing different
concentrations (125, 250 and 500 mg L™) of CoSO4 and



‘Tween 20’ (0.05 %) as a surfactant was sprayed at golf ball
stage onto the whole trees of Navelina, Washington Navel
and Lane Late sweet oranges in 2011 and Washington Navel,
Lane Late in 2012 using the same sprayer as mentioned in the
experiment 4. The experiment used a completely randomized
design with two factors including CoSO, treatments and
cultivars. Single tree was treated as an experimental unit and
the experiments included four replications. At ripe stage, 35-
fruit per tree were randomly harvested around the tree
canopy. Creasing index was recorded from these harvested
fruits.

Determination of endogenous ethylene

The endogenous level of ethylene was determined by
following the method described earlier by Pranamornkith et
al. (2012). After harvesting fruit were transported to the
laboratory within three to four hours. The endogenous levels
of ethylene were determined using an ETD 300 ethylene
detector (Sensor sense B.V, Nijmegen, The Netherlands). The
fruit were washed to remove all the dust. Fruit free from
diseases were used for determination of ethylene. Each fruit
sample was weighed before transferring into the cuvettes i.e.
ina 1.0 L air-tight jar, fitted with two outlets. All the cuvettes
were sealed tight to prevent leakage. Before connecting flow
to the cuvette, ensured that the output of the cuvette is not
blocked, in order to avoid pressure built up in the cuvette.
Each sample was run for 20 minutes and flow rate was 4.0 L
hour™. The ethylene was expressed in (uL.Kgt.hour?).

Creasing index (%)

Cl was determined using 4-point hedonic scale based on the
symptoms of creasing on the surface of individual fruit. The
scale used was: 0 = no creasing; 1= slightly creased (1 to
25% fruit surface with symptoms); 2= moderately creased
(26 to 50% fruit surface with symptoms); 3= severely creased
(> 51% fruit surface with symptoms). Creasing index (CI)
percent was calculated as described by Treeby et al. (1995)
using the formula;

Creasing index %
[¥ (Creasing category x number of fruit in rating category)] x 100

Highest rating value x Total number of fruit assessed
Statistical analysis

The experimental data were subjected to two-way analysis of
variance (ANOVA) depending upon experimental design,
using GenStat 14" edition (Lawes Agricultural Trust,
Rothamsted experimental station, U.K). The effects of
treatments, cultivars and their interactions on different
parameters were assessed within ANOVA. The least
significant differences (LSD) were calculated following a
significant Duncan’s test at p < 0.05. All the assumptions of
analysis were checked to ensure validity of statistical
analysis.

Conclusion

Higher levels of endogenous ethylene in the creased fruit
than the normal ones in Navelina, Washington Navel, Lane
Late and Valencia Late cultivars of sweet orange,
acceleration of ClI with exogenous application of ethrel, and
its reduction with ethylene biosynthesis inhibitors indicated
the involvement of ethylene in creasing of sweet orange
fruit.
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